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PURPOSE: To improve electrochemical stability of an electrolytic 
liquid by providing a positive pole and a negative pole prepared from a 
material which absorbs and desorbs lithium ion and using a mixed 
liquid of sulfolane and ethylene carbonate as a solvent of an 
electrolytic liquid. 

CONSTITUTION: A positive pole 6 consisting of mainly a lithium- 
cobalt composite oxide which absorbs and desorbs lithium ion is set in 
the inside of a case 1 which works also as a positive pole terminal and 
is made of a stainless- aluminum-clad steel sheet and a negative pole 
3 which is made of a carbon material and absorbs and desorbs lithium 
ion is brought into contact with a separator while setting a separator 5 
of polypropylene impregnated with an organic electrolytic liquid 
between the poles and the case 1 is sealed by a sealing sheet 2 which 
is made of the same kind of a material as that of the case 1 and works 

also as a negative pole terminal while the gap between the case and the sheet 2 is filled with a gasket 4. As 
the organic electrolytic liquid, a solution prepared by dissolving lithium perchloride in a mixed solvent of 
sulfolane and ethylene carbonate is used and it is poured in the positive and the negative pole sheets and 
the separator. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The positive electrode which consists of matter which carries out occlusion discharge of the lithium ion, and 
the carbon material which carries out occlusion discharge of the lithium ion are set to the organic electrolytic-solution 
rechargeable battery which it had as a negative electrode, and it is a sulfolane (S). Organic electrolytic-solution 
rechargeable battery characterized by using a mixed solvent with ethylene carbonate (EC) as an electrolytic-solution 
solvent. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the organic electrolytic-solution rechargeable battery which is the high 
energy density as the power supply for a drive, the memory maintenance power supply, or the power supply for electric 
vehicles of electronic equipment, and has high safety. 
[0002] 

[Description of the Prior Art] With the formation of small lightweight with rapid electronic equipment, to the cell 
which is the power supply, it is small, lightweight, and high-energy density, and the demand to development of the 
rechargeable battery in which repeat charge and discharge are still more possible is increasing. Furthermore, an electric 
vehicle is attracting attention with a rise of the interest about an environmental problem in recent years, also to the cell 
which is the power supply, it is small, lightweight, and high-energy density, and the demand to development of the 
rechargeable battery in which the repeat charge and discharge under an elevated temperature (temperature "of 85 
degrees C) are still more possible is increasing. As a rechargeable battery which fills these demands, an organic 
electrolytic-solution rechargeable battery is the most promising. 

[0003] Various things, such as lithium cobalt multiple oxides including 2 titanium sulfides, a spinel type lithium 
manganic acid ghost, a vanadium pentoxide, and a molybdenum trioxide, are examined by the positive active material 
of an organic electrolytic-solution rechargeable battery. Especially, they are a lithium cobalt multiple oxide (LixCo02) 
and a spinel type lithium manganic acid ghost (LixMn2 04). 4V (Li/Li+) Since [ above ] charge and discharge are 
extremely performed by electropositive potential, the cell which has high discharge voltage is realizable by using as a 
positive electrode. 

[0004] As for the negative-electrode active material of an organic electrolytic-solution rechargeable battery, although 
various things, such as Li-aluminum alloys, carbon materials, etc. of a lithium including a metal lithium in which 
occlusion and discharge are possible, are examined, a carbon material has the advantage that a cell with a long cycle 
life with high and safety is obtained, especially. 

[0005] however, a positive electrode - a lithium cobalt multiple oxide (LiCo02) and spinel type lithium manganic acic 
ghost (LixMn2 04) etc. - the cell which used and used the carbon material for the negative electrode had the problem 
that service capacity fell rapidly with advance of the charge-and-discharge cycle under an elevated temperature 
(temperature of 85 degrees C) For example, propylene carbonate (PC), and 1 and 2-dimethoxyethane (DME) It is a 
lithium perchlorate (LiC104) to a mixed solvent. When the coin cell using the electrolytic solution which dissolved 
repeated charge and discharge, service capacity decreased rapidly. This is considered to originate in oxidative 
degradation of the electrolytic solution having been carried out by the positive electrode. 

[0006] They are propylene carbonate (PC) and diethyl carbonate (DEC) as the organic electrolytic solution which was 
excellent in usable oxidation-resistant ability in the fuel cell subsystem of such a high voltage recently. When the 
mixed solvent was used, it was reported that the fall of the aforementioned service capacity is suppressed (collection 
[ of the 32nd cell debate summaries ] p.3 1 (1991)). 

[0007] However, as a result of our examining the above-mentioned electrolytic solution, it turns out that there is still 
electrochemical stability of the above-mentioned organic solvent insufficiently. 

[0008] Then, the development of the electrolytic solution which improved the electrochemical stability of the 
electrolytic solution further was called for. 



[0009] 

[Means for Solving the Problem] this invention sets the positive electrode which consists of matter which carries out 
occlusion discharge of the lithium ion, and the carbon material which carries out occlusion discharge of the lithium ion 
to the organic electrolytic-solution rechargeable battery which it had as a negative electrode, and is a sulfolane (S). By 
using a mixed solvent with ethylene carbonate (EC), it is going to solve the above-mentioned trouble. 
[0010] 

[Function] The organic electrolytic-solution rechargeable battery of this invention has operation that the maintenance 
property of the service capacity at the time of repeating a charge-and-discharge cycle under an elevated temperature as 
compared with the conventional organic electrolytic-solution rechargeable battery is excellent. This is considered to 
originate in decomposition of the electrolytic solution having been suppressed by the new organic solvent used for the 
organic electrolytic-solution rechargeable battery of this invention. 
[0011] 

[Example] Below, this invention is explained using a suitable example. 

[0012] First, the lithium cobalt multiple oxide (LiCo02) of a positive active material was compounded as follows. 
Basic cobalt carbonate is pyrolyzed in air at the temperature of 650 degrees C for 24 hours, and it is tricobalt tetroxide 
(Co3 04). It compounded, a lithium carbonate and this tricobalt tetroxide - lithium: - it mixed so that a cobalt atomic 
ratio might be set to 1 : 1, and it pyrolyzed in air at the temperature of 700 degrees C for 16 hours 
[0013] And the positive-electrode board was made as an experiment as follows, the lithium cobalt multiple-oxide 82 
weight section obtained by the aforementioned method - receiving - N-methyl-2- as the polyvinylidene-fluoride 6.5 
weight section, the graphite (Lonza SFG6) 10 weight section, the KETCHIEN black 1.5 weight section, and a solvent a 
pyrrolidone — optimum dose addition — you may carry out — kneading — a positive electrode — a mixture — the paste 
was prepared This paste was uniformly applied to the aluminum-gold network (0.1mm of wire sizes) of 100 meshes, at 
the temperature of 85 degrees C, 10-hour hot air drying and after burning at the temperature of 250 degrees C 
subsequendy for 30 minutes, it pierced to the disk with a diameter of 16mm, and the lithium cobalt multiple-oxide 
electrode was made as an experiment, supposing, as for the geometric capacity of this electrode, occlusion and 
discharge of a 0.5 mols [ per one mol (LiCo02) of active materials ] lithium are done - about 18 mAh(s) it is . 
[0014] The negative-electrode board was made as an experiment as follows, the end of carbon powder (pyrolytic 
carbon) 92 weight section - receiving -- N-methyl-2- as the polyvinylidene-fluoride 8 weight section and a solvent a 
pyrrolidone — optimum dose addition — you may carry out — kneading — a negative electrode — a mixture — the paste 
was prepared This paste was uniformly applied to SUS304 wire gauze (0. 1mm of wire sizes) of 100 meshes, at the 
temperature of 85 degrees C, 10-hour hot air drying and after burning at the temperature of 250 degrees C subsequently 
for 30 minutes, it pierced to the disk with a diameter of 16mm, and the negative-electrode board was made as an 
experiment, the charge-and-discharge capacity of this electrode - about 18 mAh(s) it is . 

[0015] To the electrolytic solution, moreover, to the mixed solvent (2 volume ratio 1:3, 1: 1:1) of a sulfolane (below, it 
is written as S), and ethylene carbonate (below, it is written as EC) Three sorts of organic electrolytic solutions (below, 
it is written as LiC104 / (1M) S+EC (1:3 ), S+EC (1 :2), and S+EC (1:1)) in which the one mol [/I. ] lithium perchlorate 
(LiC104) was dissolved were used. These electrolytic solutions poured only the about 160micro liter of sum totals in 
positive, an aforementioned negative-electrode board, and an aforementioned separator, and were used for them. The 
organic electrolytic-solution rechargeable battery of this invention is called (A), (B), and (C), respectively. Moreover, i 
is the conventional electrolytic solution for comparison. LiC104 / (1M) PC+DME (1:1), LiC104 / (1M) PC+DEC (1:1) 
LiC104/(lM)PC+EC (1:1), The conventional cell considered as the same composition as the organic electrolytic- 
solution cell (A) of this invention was produced except having used LiC104 / (1M) S+PC (1 : 1), LiC104/(lM)EC, and 
LiC104/(lM)S. a comparison cell - respectively - (**), (**), (**), (**), and (**) - it is called [ and / (mosquito) ] 
[0016] Drawing 1 is drawing of longitudinal section of a cell. It is the case which serves as the positive-electrode 
terminal which 1 pierced the stainless steel-aluminum-clad plate with a press and was processed in this drawing, and 
the obturation board which serves as the negative-electrode terminal into which 2 pierced a material of the same kind, 
and it was processed, and the negative electrode 3 is contacted by the wall. The separator which consists of 
polypropylene into which 5 sank the organic electrolytic solution, and 6 are carrying out sealing obturation by binding 
tight the inner circumference of the obturation board 2 which serves as a negative-electrode terminal the opening edge 
of the case 1 which is a positive electrode and serves as a positive-electrode terminal through a caulking and a gasket 4 
to the inner direction. 



[0017] Next, terminal voltage is 4. IV at a 2.0mA constant current about these cells. It charges until it results, and it 
continues, and, similarly terminal voltage is 2.7V at a 2.0mA constant current. It applied to the discharging charge-and 
discharge cycle-life examination (temperature of 85 degrees C) until it reached. 

[0018] The result of a cycle examination is shown in drawing 2 . As for the cell (A) of this invention, (B), and (C), the 
remarkable fall of service capacity is not seen until the number of charge-and-discharge cycles results in 100 times. 
However, the cell (a), the (b), the (c), the conventional (d), and the conventional (e) for comparison have the 
remarkable fall of the service capacity accompanying advance of a charge-and-discharge cycle. Moreover, service 
capacity is small although the fall of service capacity has few comparison cells (mosquito). 

[0019] Thus, as compared with the conventional organic electrolytic-solution rechargeable battery, the maintenance 
property of the organic electrolytic-solution rechargeable battery of this invention which used the mixed solvent of S 
and EC for the electrolytic-solution solvent of the service capacity at the time of repeating a charge-and-discharge cycl« 
improved remarkably. 

[0020] In addition, although the above-mentioned example explained the case where a lithium cobalt multiple oxide 
was used as a positive active material, various things, such as manganese dioxide including 2 titanium sulfides, a spine; 
type lithium manganic acid ghost (LixMn2 04), a vanadium pentoxide, and a molybdenum trioxide, can be used. 
[0021] Although the above-mentioned example explained the case where the content of S in a solvent considered as 25 
33, and 50vol(s)% in 2 component solvent system, the same result will be obtained if the range of the content of S is 
about 10 vol(s)% - about 80 vol(s)%. The kind or concentration of a supporting electrolyte which are dissolved in such 
an organic solvent are not limited fundamentally, either, for example, LiAsF6, LiBF4, LiPF6, and LiCF3 S03 etc. - 
one or more sorts can be used in the concentration of 0.5-2 mols/the about 1 range 

[0022] Furthermore, in the above-mentioned example, although the example which uses a S+EC mixed solvent was 
shown, a stable solvent can be mixed and used electrochemically. Toluene, benzene, etc. are raised as an example. 
[0023] In addition, although each cell concerning the aforementioned example is a coin form cell, the same effect is 
acquired even if it applies this invention to a cylindrical shape, a square shape, or a paper form cell. 
[0024] 

[Effect of the Invention] Like the above, the organic electrolytic-solution rechargeable battery of this invention has few 
falls of the service capacity accompanying advance of a charge-and-discharge cycle. 
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